original ejaculate. We think that an extension of this technique may be of value in the treatment of some types of male subfertility. The problem of separating X-and Y-bearing sperm has apparently not yet been solved but doubtless, when it is, the method will utilize the fluorescence technique.
Genetic Aspects of Disease in Cattle [Abstract]
Disease has a major effect on the longevity and profitability of our dairy cattle. There is evidence which indicates that resistance to many disease conditions is, in part, genetically controlled. The widespread use of artificial insemination in cattle breeding had made the long-term genetic improvement of health in cattle stock a possibility. The question remains, however, whether such breeding programmes are economically viable, since they must compete with the genetic improvement of production.
Specific genes have been found in experimental and domestic animals, and in man, which directly affect viability, and resistance to disease. It may be possible to utilize such genes, as an adjunct to normal breeding procedures, to improve profitability of our cattle industry.
The amylase I locus in cattle is a possible example of such a genetic marker. It has been established that there is an apparent excess of heterozygotes at this locus in populations -of dairy cows, whereas no excess exists in dairy calves, or beef animals. The excess within a herd is related to the mean herd yield, and recent findings indicate some association between the yield of an individual, and its amylase genotype. However, the excess appears to be established in heifer populations which have not yet been milked. If farmers are selecting heterozygote animals as herd replacements, serum amylase could be, to some extent, a predictor of the economic worth of a dairy calf. 
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Genetics of Common Congenital Malformations in Man
Malformations Determined by Single Genes A great variety of monogenically determined single malformations or syndromes of multiple malformations occur in man, but none of these is common in the sense of having a birth frequency of 1 in 1000 total births or more. This is to be expected, since if the malformation is at all severe, then the birth frequency will, as the result of the balance between fresh mutation and selection, be at a level equivalent to some small multiple of the mutation rate. Gene mutations mostly occur at a frequency of 1 in 5000 or less.
Monogenic inheritance is readily recognized by the simple mendelian family patterns it givesdominant, recessive or X-linked.
Chromosome Anomalies
It has recently been discovered that chromosomal anomalies are relatively frequent at conception. Some 400% of first trimester spontaneous miscarriages are associated with chromosomal anomalies, and-if one accepts that some 15 % of known conceptions miscarry, then about 6 %, or 1 in 16, of zygotes have a major chromosomal anomaly causing miscarriage. The three most common chromosomal anomalies found in spontaneous miscarriages are triploidy (69 chromosomes instead of 46), the 45 XO genotype, which is characteristic of Turner's syndrome, and 7Section of Comparative Medicine trisomy of chromosome 16. In addition some 10% of macerated and some 5% of fresh stillbirths are associated with chromosomal anomalies. However only one serious autosomal anomaly reaches a birth frequency of 1 in 1000 total births. This is trisomy 21 or Down's syndrome. The birth frequency is about 1 in 600 total births. There is a marked maternal age effect on this frequency and that of other trisomies, such that the frequency in the offspring of mothers over 40 years of age is more than 1 %. The birth frequency overall in recent years is almost certainly falling as the proportion of children born to mothers over the age of 40 and over the age of 35 years is decreasing.
The sex chromosomal triploidies, XXX, XXY and XYY have a birth frequency of the order of 1 in 1000 births of the appropriate sex, but these are not strictly malformation syndromes.
Malformation with Multifactorial Etiology
The common \ malformations in north-west European and related peoples are the major malformations of the neural tube (anencephaly, iniencephaly, encephalocele and spina bifida cystica) and those of the heart. The neural tube malformations have a birth frequency of about 3 per 1000 in south-east England and 7 to 8 per 1000 in the north and west of Britain, for example in Cardiff, Glasgow and Belfast. The birth frequency of the congenital heart malformations ;appears more consistent within Britain at about 6 per 1000, if all types are combined, including ventricular septal defect and patent ductus arteriosus, each with a birth frequency of a little more than 1 per 1000. Cleft lip (with or without cleft palate) has a birth frequency of about 1 per 1000. Pyloric stenosis, perhaps questionably a genetical congenital malformation, has a frequency of about 3 per 1000. Talipes equinovarus and congenital dislocation of the hip each have a frequency of about 1 per 1000, though the frequency of the latter has increased to about 4 per 1000 with neonatal diagnosis, implying that somne three-quarters of congenitally dislocated hips are spontaneously corrected. Reliable information on the birth frequency of renal anomalies is not yet available, but some of these, for example double ureter, are not uncommon. Hypospadias has a birth frequency of about 1 in 1000 males.
The frequency of the common malformations shows considerable geographical and racial variation. Neural tube malformations have a frequency of less than 2 per 1000 in both Mongolian and Negro peoples. Cleft lip (with or without cleft palate) reaches a frequency of 3 per 1000 in certain Mongolian peoples, but only about a tenth of this incidence in Negroes. Talipes equinovarus reaches a frequency of 5 per 1000 in certain Polynesian peoples. Negroes have a high frequency of the relatively minor malformations, ulnar polydactyly and preauricular fistule.
All these classes of malformation include a small minority which are monogenically determined. These may be distinguished not only by the mendelian family pattern they give, but usually by associated malformations as well. For example cleft lip in association with mucous pits in the lower lip is a dominant condition. Congenital dislocation of the hip is frequent in conditions characterized by generalized joint laxity, such as the recessive conditions Larsen's syndrome and diastrophic dwarfism. Encephalocele is a feature of the recessive Meckel's syndrome. In the large majority of instances of each of these types of malformation, however, there are indications of a substantial genetic contribution to their etiology, but that this genetic predisposition is polygenic and that it interacts with intrauterine environmental factors (Carter 1974) .
The first indication of a genetic factor is the influence of sex. The male :female ratio for pyloric stenosis is 5.0, for cleft lip (with or without cleft palate) 1.8 and this rises with increasing severity of the malformation, for heart malformations overall about 1.0 (though individual types show a male or female preponderance), for spina bifida cystica 0.6, for anencephaly 0.3, for congenital dislocation of the hip less than 0.2.
The second indication of a genetic factor comes from twin studies. It is difficult to assemble series of adequate size for the neural tube or congenital heart malformations with their low survival rate, but for congenital dislocation of the hip, talipes equinovarus, cleft lip and pyloric stenosis, it is clear that substantially more monozygotic than like-sex dizygotic co-twins of index patients are also affected like the index patient. Nevertheless, for all these the proportion of co-twins affected is less than 50 % and so the genetic determination of these malformations is evidently not complete. Intrauterine environmental factors must also play some part and there must be environmental factors which may differ for the two members of a twin pair.
The third component of a genetic factor in the etiology of the common malformations comes from familial aggregation of these malformations to a degree which cannot plausibly be attributed to common family environment. The family patterns, once the minority of monogenically determined cases have been excluded, are remarkably similar for all the common forms of malformation when allowance is made for the differences in birth frequency. Cleft lip (with or without cleft palate) is the malformation for which family histories are perhaps most reliable and most easily documented, since almost all patients come to operation. Large-scale and consistent family studies have been made in Denmark, south-east 8 England, Utah in the United States, and Ontario in Canada. In all these populations the birth frequency is about 1 per 1000. In both sibs and children (first degree relatives) of index patients, the incidence is about 40 per 1000, in aunts and uncles and nephews and nieces (second degree relatives) the incidence is about 7 per 1000, and in first cousins (third degree relatives) the incidence is about 2.5 per 1000. The pattern is far too regular to be explained entirely in terms of common family environment. On a monogenic hypothesis it is necessary to assume essentially dominant inheritance since the proportion of children affected is as high as that of brothers and sisters. Further it is necessary to assume a very low penetrance of the gene since only 1 in 25 instead of 1 in 2 of the children are affected. It is also necessary to assume that the penetrance is even lower (1 in 35) in second degree and lower still (1 in 50) in third degree relatives. If the penetrance of the gene is in part determined by other genes then one is in effect postulating polygenic inheritance. The family pattern is in fact most simply explained on a polygenic model, though the possibility that one mutant gene plays a major part cannot be excluded.
The model in its most elegant form is due to Falconer (1965) . It assumes that the liability of the fetus to develop the malformation is continuously and normally distributed, as is for example the distribution of stature. Both additive polygenic inheritance and/or numerous environmental factors of small effect would tend to give such normal distribution. Further the model assumes that there is a threshold of liability in the fetus beyond which the malformation develops. In the case of the cleft lip malformation this threshold will be a little over 3 standard deviations from the mean to give about 1 per 1000 births affected. Knowing the mathematical properties of the normal curve and what proportion of relatives of a particular degree are affected, it is possible to estimate the regressions of relative on index patient for the underlying liability.
If all the variation in liability was due to additive polygenic inheritance then the regression coefficients expected are 0.5, 0.25 and 0.125 for first, second and third degree relatives respectively. This is because sib and sib and parent and child have half their genes in common, nephew and uncle or aunt and niece a quarter and first cousins one eighth of their genes in common. In fact with cleft lip (with or without cleft palate) the 40 per 1000 for first degrees, 7 for second and 2.5 for third degree relatives indicate regression coefficients of about 0.35, 0.18 and 0.09. The resemblance between relatives is therefore some 70% of that to be expected if all the variance in liability was due to genetic variation. Further, some degree of this resemblance between relatives might be due to common family environment; though since it is still 70% with first cousins who would perhaps not have much environment in common, and also not appreciably higher for fraternal twins than for sibs, common family environment is not likely to be of much importance. Rather the environmental factors which must be present are likely on the whole to be specific to the individual fetus. The multifactorial hypothesis, therefore, does neatly explain the family patterns observed with cleft lip and further suggests that a considerable part of the total liability to develop the malformation is genetic.
The family patterns of the other common malformations are very much the same, when allowance is made for the fact that with malformations having a higher birth frequency than cleft lip but much the same heritability the proportion of relatives affected compared with that of the general population would be rather less.
There are some tests of the model (Carter 1969) :
(1) Where the sex ratio is not unity then the threshold must be further from the mean in the case of the less often affected sex; and so a higher proportion of the relatives would be affected than when the index patient is of the more commonly affected sex. This is well seen with pyloric stenosis where the proportion affected is some 3 times higher where the index patient is a girl.
(2) Where more than one relative is affected, for example already 2 sibs or parent and one child, then the risk to further children will be increased. For example, when a woman with a cleft lip has already had one child affected then the risk to further children is 12 % and not 4 %.
(3) The more severe the degree of malformation in the index patient, the higher the risk to relatives. In the case of unilateral cleft lip the recurrence risk is about 2 %, but with bilateral cleft lip and bilateral cleft palate this rises to about 6 %. A model of this kind is only a first step. In time we need to discover both the individual gene loci involved and there may perhaps be only a few of them. We also need to identify the environmental factors involved. The primary prevention of the common congenital malformations is likely to come only when we recognize those couples genetically at risk and protect them from the additional environmental triggers.
